Recently, the coverage of urban forests has been rapidly decreasing as the cities are created and expanding. Consequently, there arise urban problems such as heat island effect, urban flooding, urban desertification and so on. In this context, green roof systems is considered to be an efficient alternative to deal with these problems. However, it is difficult to apply green roof to new buildings since the majority of the buildings in cities are already constructed and the demand for new building constructions is not high enough. Therefore, it should be considered to apply green roof system to existing buildings for resolving various problems. This study evaluates heating and cooling energy consumption based on the combination of passive design factors such as wall, roof, window insulation in addition to a green roof system applied to an existing house by using an energy simulation program. Total 8 potential improvement cases are developed. Each case is applied to the same house with different insulation standard for simulations.
Introduction

Background and Purpose of the Study
The rapid expansion of urban population has led to the heat island effect, urban flooding, depletion of the ground water, and urban desertification, etc, to cause significant changes in the environment of the cities [1] .
In addition, expansion of the cities resulted in contracting of the green areas in the city, which not only degrades the quality of life of the citizens but also increases the thermal load on the city. However, it is very difficult to disperse the once-concentrated population of the cities, and it is still more difficult to secure green areas in an already-developed area. One of the alternatives that could be used to solve these problems is the green roof system, which is being actively studied nowadays. Various advantages of the green roof system includes reduction of the loss of the rain water, mitigation of the heat island effect, reducing the energy consumption of the building, providing a place of refreshment, and improving the quality of the air and the water [2] . Also transpiration and photo-synthesis consume the solar energy, contributing to a lower ambient temperature around the building. The shade of the greens also reduces the amount of sunlight heating the building, resulting in further reduced temperature of the surface of the building [3] . As such, green roof system may provide some positive effects for reducing energy consumption of a building.
Many different disciplines, as result, enthusiastically proceed with studies on this technology. Taekyoung Ahn (2003) illustrated that green roofing had an actual effect on conservation of heating energy consumption by decreasing the temperature of the top floor [4] . Taehoon Hong (2012) added some passive elements to the green roof system and examined the energy saving effect in an educational facility from adding green roof systems for each region [5] . Jongmin analyzed the energy saving effect for cooling and heating by adding green roofs for different regions in the country [6] . Donghceol Yoo (2011) examined the energy saving effect and enhancement of PV panel efficiency through integrating the PV system and green roofing [7] . As such, there have been a number of development and study attempts in Korea. However, the level of utilizing green roof technology is still in its earliest stage. This is because many of the buildings build in the past were completed without any considerations for green roofing and the number of new building where the green roofing system can be applied is not significant. Therefore, in this study, we conducted comparative analysis on the energy saving effect based on the existing heat insulation criteria from green roofing as a remodeling element and the passive insulation elements were combined, with a view to examine an effective green roof application method.
Research Process and Methods
The purpose of this study is to identity the environmentfriendly remodeling elements in a multiplex housing environment and combine them with green roof system to examine the energy saving effect from green roofing.
For this reason, we referred to 'The survey on the resident's consciousness regarding environment-friendly remodeling of the apartment housing' to identify the remodeling elements [8] Table 2 . And, Fig. 1 
Study Objects and Simulation Scenarios
The simulation was conducted using Design Builder 3.0, which was based on EnergyPlus.
Target Building
The target building for this simulation was a building Staircase, Terrace were classified as None. Fig. 2 shows the zoning of the units that was used for the simulation.
The volume, floor area, the area of the outer wall and windows are as shown in Table 3 . We used the blueprint of the target building to obtain the detailed data on the building and modeled the building for simulation using albedo of the surface of the soil (αg), the temperature of the soil surface (Tg), surface radiation on the soil (ε g), and long wave radiation beneath the leaves (LW) [9] . 
Fig 2. Target housing unit model for simulations
Settings for the Simulation
The physical properties of the construction elements of the target buildings were designed differently in accordance with the insulation standard in effect for different years in the scenario. Based on the years when the standard saw changes, the physical characteristics of the outer wall and the roof heat insulation for the year 1987, 2001, and 2010 were as shown in Table 4 . The heat insulators were of internal insulation types. The thermal bridge effect of the interfaces between the materials was n o t c o n s id e re d in th is s im u la tio n . T h e p h y s ic a l characteristics of the window insulation were as shown in Table 5 . The physical properties of the green roofing elements were the same ones used in the studies by Taehoon Hong, Jimin Kim, and Choongwan Koo, which were as shown in Table 6 [11]. However, the thickness of the soil layer was set to 300mm, which was proven in the preceding studies to be of the high insulation performance without any structural load problem to the target building [12] .
The weather data was based on the standard weather data provided by Korea Sola Energy Association. The temperature of heating was set to 21°C, 26°C for the temperature of cooling, based on the recommended cooling and heating temperature in effect in Korea. The number of occupants in the rooms were 5 based on the simulated area, which made the number of persons per unit area 0.05/m 2 . Further details in each of the zones set for the simulation were as shown in Table 7 .
A Multiplex Housing Energy Conservation Strategy through Combining Insulation Standard Based Green Roof Systems and Passive Design Elements / Son, Hyeongmin·Park, Dong Yoon·Chang, Seongju In case 6, where the green roofing and insulation reinforcement of the roof and the outer walls were applied, the heating energy consumption was reduced by 40.73%. In the meantime, in case 7, where the green roofing and insulation reinforcement of the windows and the outer walls were applied, the heating energy consumption was reduced by 33.36%. The difference in energy saving rate between case 6 and 7 is thought to be resulting from strengthening of the requirements in the insulation standard for the roof and the outer wall since 2010 compared to those in effect in 1987, as well as the wider area of these elements. In case 2, where the roof insulation reinforcement was applied in conjunction with the green roofing, the energy saving rate was 25.73%, which was higher by 14.26% compared to case 1, where only the green roofing was applied. This shows that green roofing alone cannot be sufficient to obtain the desired level of heat insulation on the roof, and it is required to use the passive insulation of the roof in conjunction with it to increase the heat insulation efficacy.
In Table 10 , the cooling energy consumption and the reduction rate for each case based on the heat insulation standard of 1987 are summarized. As for the energy saving rate for cooling in case 1, where green roofing is applied, 3.11 % of cooling energy saving rate is obtained. This is thought to be resulting from the reduction of the surface temperature as the water contained in the soil takes heat away as it evaporates, in addition to the LAI (Leaf Area Index) effect due to the shading by the leaves when green roofing is applied.
Case 8, where green roofing and insulation of the roof, wall, and windows were applied, showed an cooling energy saving rate of -2.27%, meaning the consumption of energy increased. We believe the reason for this is that the heat generated by the occupants and the appliances in the room could not escape to the outside, as the insulation was fortified. In case of the building where the insulation standard of 1987 was applied, it was shown that the application of green roofing and other elements in different cases contributed more to the energy saving effect in heating than they did with cooling. That is, while the energy saving rate for cooling was between -2.27 % and 3.11%, the saving rate for heating ranged from 11.47% to 48.32%. Table 11 wall, and windows insulation were applied, consumed 11702.94 kWh, with a heating energy saving rate of 33.05%. In the meantime, case 1, where on the green roofing was applied, the energy saving rate for heating was 10.37%. The result of the study showed that as more insulation elements were added, the energy consumption for heating decreased.
A of the insulation elements were applied, the energy saving rate for cooling was -0.63%. We believe this is because the heat generated from inside by the occupants or the home appliances in the room fails to escape to outside. It signifies that fact that the energy consumption in cooling is not proportionate to the application of the insulating elements of each case. to -0.63%. In case 1, where only the green roofing was applied, the increased in insulation performance resulted in cooling energy saving rate decreasing from 3.11% to 2.22%. That is, the energy consumption in cooling increased in the buildings under a more strict insulation standard. We believe this is because the heat generated from inside by the occupants or the home appliances in the room fails to escape to outside.
Conclusion
In this study, we analyzed the results of combining green roofing with other passive insulation elements in a 4-stories building in Seoul and analyzed the energy 2) The application of each of the passive element had only minor contributions to the energy saving effect under cooling. When only the green roofing was applied, the shading from the plants and evaporation of the water in the soil resulted in lower energy consumption for cooling. However, when the rest of the passive insulation elements for the roof, wall, and windows were applied, the energy consumption increased. We believe this is because the heat generated from inside by the occupants or the home appliances in the room fails to escape to outside.
3) In order to achieve effective roof insulation, the green roofing should be accompanied with roof insulation. The scenario under the 1987 insulation standard saw a heating energy saving rate of 11.47% when green roofing was applied, while the rate increased to 25.73% when the green roofing was joined by roof insulation. In the meantime, the scenario under the 2001 insulation standard saw a heating energy saving rate of 10.37% when green roofing was applied, while the rate increased to 17.95% in case 2, where the green roofing was joined by roof insulation. This indicates that green roofing alone is not sufficient for enhancing the roof insulation performance.
4) It was proven that as the insulation performance improved due to the combination between the green roofing and other passive elements, the energy consumption in heating decreased. As for cooling, it was shown that the energy saving effect decreased as the insulation performance increased, except for Case 1 where only the green roofing was applied. This is a proof that, when remodeling a multiplex house, it is more effective to use the green roofing to reduce sunlight radiation exposure and use the latent heat effect from evaporation of the water than to strengthen the heat insulation standard to reduce energy consumption.
In conclusion, we discovered that energy saving rate for heating and cooling due to application of green roofing differed depending on the existing insulation capacity of the building and the combination with other passive insulation elements. This signifies that, when applying green roofing, it is important to consider the combination with other elements as well as the existing insulation capacity of the building. Also, further studies would be welcome to examine the feasibility of green roofing based on the initial investment cost and the cost saving effect due to energy saving that were not covered in this study.
